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Who am 1? Where | work? Why | use NERSC? 2l
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https://github.com/biorack
https://github.com/benbowen / L
http://openmsi.nersc.gov /

BPBOWEN@LBL.GO\/
Twitter: @bpbwc

Impact

Community of users uploading and
analyzing their own data and sharing

their learning
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llluminating the dark regions of biochemical space ez
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How would this story change if we knew the sequence and function of all
biochemical pathways and had reliable analytical tools to identify their products?

[ Pathway synthesis, \ [Advanced computing\ [ \ [ \
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Advanced computing

for metabolite identification==
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A new generation of
advanced metabolite
identification
methods at the scales
needed
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Subsequent steps are
informed by the
previous work and

guided in a way to
maximize discovery
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MS is an established metabolomics tool wor
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LC-MS provides very high chemical
resolution e m a
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LCMS data is also a multimodal hyperspectral image il
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NERSC Computational Environment & MS integration f\|\|
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Quick and Painless: Manage, Analyze, Visualize LCMS and MSI data

Edison: Cray XC-30

—

—

24 ® DDN SFA12KE
. Automated tasks:

e Get method
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‘ E

5,576 nodes, 133K, 2.4GHz Intel “lvyBridge” 16xFORIE and sample
Cores, 357TB RAM .
- - Conversion to
Cori: Cray XC-40 Scratch = o078 HDF5
y F_.\?}%/ =[] NetApp 5460 « Existence is
LT =T N = o 95 PB stored, 240 registered in
e — '. | >15TBfsec PB capacity, 40 d ata base
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Cores, 203TB RAM 32x FDR IB ’ yearf of
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14x QDR 18 Ethernet &

Data-Intensive Systems — IB Fabric
PDSF, JGI, KBASE, Materials Network
N Science Friendly Security
Data Transfer Nodes B o/, ction Monitoring Software Defined
Adv. Arch. Testbeds Science Gateways Power Efficiency Networking




Metabolomics, HPC, and databases integrated il
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future experiments

« Metabolite discovery tools
1. Bowen, B. P., & Northen, T. R. (2010). Dealing with the

unknown: metabolomics and metabolite atlases. Journal of the i
American Society for Mass Spectrometry, 21(9), 1471-1476. T
2. Fischer, C. R., Ruebel, O., & Bowen, B. P. (2016). An S
accessible, scalable ecosystem for enabling and sharing ;I;mf
diverse mass spectrometry imaging analyses. Archives of st
Biochemistry and Biophysics, 589, 18—26. o
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metabolomics. Analytical Chemistry, 86(19), 9496—9503. e folien
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NERSC. Computing in Science & Engineering, 17(3), 44-52. — — s
5. Yao, Y., Sun, T., Wang, T., Ruebel, O., Northen, T., & Bowen, B. - e R
P. (2015b). Analysis of Metabolomics Datasets with High- e
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5(3), 431-442. s e .y




Metricized checkpoints for improving efficiency and quality ’\|\|
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MS-Monitor checks every LCMS Run
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>

LCMSRUN(s) in
MetAtlas

Get MS-Monitor

Module 1. Import

Module 2. Select

Module 3.
Retrieve the files

Module 4. Specify
the strings you

>

Start
LIVE DEMO

Database Notebook Packages Your Experiment for that experiment u§ed in your
filenaming
R,
e Module 5.

Retrieve reference
data for ISTDs
and QCs

Module 8. Specify
each Icmsrun's
"pass_qc" attribute
as True/False

Module 7. Collect
QC and ISTD data
for each file, make
table, and make
figures

Module 6. Check
the parameters




User needs to know which to re-run reeerf
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Standard based identification using MS/MS 2l
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Layered identification to facilitate untargeted detection of intense ions
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Retention Time and m/z reference il
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Dealing with the unknown 2l
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Compounds you observe: authentic standard is not available

1. First choice is always third party s =

S p e Ct ra I I i b ra ri e S : r \ Tree Generation Tree MetaData
* Not downloadable I R I R ] reesem | Smatini
* Low quality b VL k ! e ey oy ousen
« Compound not available M e shonstpa ||l ase

2. First principles calculation l A s

«  Working for El L
« ESI still has a way to go

Scoring

Predicted ionization Subgraph matching
location with Tree Grafting

3. Hybrid methods
Depeqdept on Iarge.graphs N ol WA
« Optimization of scoring

Research - ;:ﬁ;éreni - Spectral Similarity
. Areas
algorithms needed
Research Topic Identify
indistinguishable
spectra

Identify
indistinguishable




Tree based methods el
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Compounds you observe: authentic standard is not available

« Complete enumeration

» Scoring is higher when S(
branch of tree is e

observed consistently Y/\

Much higher FDR than
spectral libraries 0,

Enables exploration of
hypothetical molecular |
structures which are not = ..
In databases miz

Relative Intensity (%)




Access HPC from notebook interface reeef
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Without supercomputing this is not possible .
tart
LIVE DEMO
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Data integration

Visualize results of simultaneous measurement of many metabolites

* Consider a study where
— Consumption of medium #1 induces sleep
— Consumption of control media has no effect
* |dentify the patterns of metabolite
utilization
— Find co-varying similar metabolites
— Find classes of compounds



Chemical networks reeerf
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Chemical networks reeernf
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Chemical networks i
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Widely used to measure chemical images )
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Spatial gradients important in many applications

ngh throughput screenlng Pathophysiology
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Mass spectrometry imaging .l

Each pixel has a complex spectrum
Spectrum at x=40, y=76
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Raster scanning a laser across a brain tissue
sample and laser ablation effects

Chemical images provide complex
measurements of the spatial
distribution of molecules



MSI| sees 1° and 2° metabolites, lipids, and proteins il
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MSI files can be fairly large Rl




Frankenstein’s dilemma
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Multi-modal MSI data Transfer data

is acquired at labs during acquisition

around the globe

Store, process, and
integrate data

E T L | J Mass spectrometry imaging
e W

-----

Search and
analyze
remote data

Share and
reuse data
and analyses

gmtigi/m/openmsi.nersc.gov

Saiach Guta or image Ansiysias

@ « 7 =
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Interactive web-based visualization and analysis



Easy-to -use web-based V|suaI|zat|on 2l
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Dalisay, D. S., K. W. Kim, C. Lee, H. Yang, O. Rubel, B. P. Bowen, L. B. Davin, and N. G. Lewis.
"Secoisolariciresinol diglucoside formation and cyanogenic glucosides in flax seed: MALDI mass
spectrometry imaging." Journal of natural products (2015)

2. Marques, Joaquim V., Doralyn S. Dalisay, Hong Yang, Choonseok Lee, Laurence B. Davin, and Norman
G. Lewis. "A multi-omics strategy resolves the elusive nature of alkaloids in Podophyllum species."

Molecular BioSystems 10, no. 11 (2014): 2838-2849.



Sharable, custom analyses of MSI data via the web 2l
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« The analysis only needs to implement the basic data patterns: gqmz, gspectrum and
gslice

« Fast deployment of new analyses to application scientists during development
« Analysis is shared independently of data

Mass spectrometry imaging is used to

collect spectra at each location 'A 5 O pe nM S I C

Typical files are 5 - 50 GB ‘ w1 |

o)ler);cvj daf; e vies ol Access the data via the web using
the OpenMSI API with

programmatic notebooks

From the acquisition machine, «

transfer the data to Ll U il L
J NERSC
! Jdl " LJ kl | Data can be viewed via
Jduj % IR :

4 o i} Al the web using OpenMSlI
djl; L -

Raster scanin

http://tinyurl.com/openmsi-nb1

http://tinyurl.com/openmsi-nb2
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